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I .  I n t r o d u c t i o n  

The purpose  o f  t h i s  memorandum i s  t o  d i s c u s s  
Skylab-2 (SL-2) l aunch  o p p o r t u n i t i e s  and t h e  t i m e  s p e n t  
i n  c o e l l i p t i c  o r b i t  w i t h  r e s p e c t  t o  MSC's l a t e s t  rendezvous  
p r o f i l e .  A summary of  t h e  sequence o f  e v e n t s  and o r b i t s  
f o r  M = 4 ,  5 ,  6 ,  1 2 ,  1 3 ,  1 4 ,  15 and 1 6  rendezvous schemes i s  
p r e s e n t e d  i n  Tab le  1. M=16 w a s  chosen as t h e  upper  bound 
f o r  t h e  s low rendezvous ,  as t h e  t i m e  t o  rendezvous f o r  M 
numbers l a r g e r  t h a n  1 6  w i l l  exceed  2 4  h o u r s .  SL-2 l a u n c h  
o p p o r t u n i t i e s  and t i m e  i n  c o e l l i p t i c  o r b i t  a re  d i s c u s s e d  i n  
t h a t  o r d e r  i n  t h e  succeeding  s e c t i o n s .  

11. Skylab-2 Launch O p p o r t u n i t i e s  

F i g u r e  1 shows t h e  SL-2 l aunch  o p p o r t u n i t i e s  for  a 
p e r i o d  of  6 days  a f t e r  t h e  Skylab-1 (SL-1) launch  beg inn ing  
w i t h  day 1. Three SL-1 a l t i t u d e s  a r e  p l o t t e d ,  225, 235 and 
245 nm. The b a s e l i n e d  SL-1 a l t i t u d e  i s  235 nm. The 225 and 
245 nm a l t i t u d e s  a r e  shown f o r  comparison pu rposes  o n l y .  

The SL-2 pay load  a l l o t t e d  f o r  yaw s t e e r i n g  i s  700 l b s  
which r e s u l t s  i n  a launch  window o f  approx ima te ly  1 5 . 5  minu tes  
d u r a t i o n  (assuming v a r i a b l e  l aunch  a z i m u t h ) .  The c e n t e r  of t h e  
window cor re sponds  t o  an i n - p l a n e  (no  yaw s t e e r i n g )  SL-2 CSM 
launch .  The t i m e  o f  t h e  center of t h e  l aunch  window i s  shown 
for each  day i n  t e r m s  o f  t h e  number o f  hour s  from SL-1 l aunch .  

SL-1/2 i n s e r t i o n  phase a n g l e  c a p a b i l i t i e s  f o r  t h e  
v a r i o u s  M numbers are shown as  bands of  p a r a l l e l  l i n e s .  The 
phase  a n g l e  r a n g e s  shown a r e  c o n s i s t e n t  w i t h  t h e  sequence  of 
e v e n t s  and o r b i t s  shown i n  Table  1. The f o l l o w i n g  a n a l y s i s  i s  
f o r  t h e  b a s e l i n e d  235 nm SL-1 a l t i t u d e .  

From F i g u r e  1 t h e r e  are  a v a r i e t y  of  l a u n c h  oppor tu-  
n i t i e s  f o r  each  day exc lud ing  day 5 fo r  which t h e r e  aye no 
o p p o r t u n i t i e s .  On days  1, 3 ,  4 and 6 ,  M = 5 ,  1 4 ,  1 6  and 4 
r e s p e c t i v e l y  are t h e  b e s t  o p p o r t u n i t i e s  as t h e y ' c o n t a i n  t h e  
center-of-the-window and a r e  a t  l ea s t  as l o n g ,  o r  l o n g e r  t h a n ,  
t h e  o t h e r  o p p o r t u n i t i e s .  For day 2 ,  M = 1 2  i s  t h e  b e s t  oppor tu-  
n i t y  as it i s  t h e  l o n g e s t  and closest  t o  t h e  cen te r -o f - the -  
window. 
and 6 ,  s l o w  o p p o r t u n i t i e s  on days  2 ,  3 and 4 .  There  i s  no 
o p p o r t u n i t y  on day 5 ,  assuming M = 1 6  i s  t h e  l o n g e s t  a l lowed.  

T o  summarize,  t h e r e  i s  a f a s t  o p p o r t u n i t y  on days 1 
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111. T i m e  i n  C o e l l i p t i c  O r b i t  

F i g u r e  2 shows t h e  t i m e  SL-2 would spend i n  c o e l l i p t i c  
o r b i t  f o r  v a r i o u s  t i m e s  o f  SL-1 l a u n c h  ( t h e  b e g i n n i n g ,  mid-poin t  
and end of i t s  b a s e l i n e d  launch window) f o r  6 days a f t e r  t h e  
SL-1 l a u n c h ,  beg inn ing  w i t h  day 1. The t i m e  i n  c o e l l i p t i c  o r b i t  
i s  shown f o r  t h e  235 nm SL-1  a l t i t u d e .  The d i f f e r e n c e s  f o r  t h e  
225 and 245 nm a l t i t u d e s  are so s l i g h t  t h e y  would n o t  show up i n  
t h e  f i g u r e .  

The f i g u r e s  were computed on t h e  b a s i s  of t h e  same 
t e r m i n a l  phase  geometry and l i g h t i n g  as c u r r e n t l y  used by MSC. 
TPI i s  performed when t h e  e l e v a t i o n  a n g l e  i s  28  d e g r e e s ,  t h e  
t r a n s f e r  a n g l e  from TPI t o  TPF i s  130 d e g r e e s ,  and T P I  occurs 
20 m i n u t e s  p r i o r  t o  s u n r i s e .  

MSC p e r s o n n e l  have i n f o r m a l l y  s t a t e d  t h a t  t h e  minimum 
a c c e p t a b l e  t i m e  SL-2 must spend i n  t h e  c o e l l i p t i c  o r b i t  i s  30 
minu tes .  A s  can  b e  s e e n  i n  F igu re  2 ,  l a u n c h i n g  t h e  SL-1 up t o  
3:45 p.m. a lways r e s u l t s  i n  a c o e l l i p t i c  o r b i t  t i m e  g r e a t e r  t h a n  
30 m i n u t e s .  Launch j u s t  a f te r  3:45 p.m. r e s u l t s  i n  t h e  p o s s i -  
b i l i t y  of SL-2 spend ing  s l i g h t l y  less t h a n  30 minu tes  i n  t h e  
c o e l l i p t i c  o r b i t .  F i n a l l y ,  f o r  a 4:30 p.m. SL-1 l a u n c h ,  any 
SL-2 l aunch  p r i o r  t o  day 3 w i l l  r e s u l t  i n  a t i m e  i n  c o e l l i p t i c  
o r b i t  o f  j u s t  less than  30 minutes .  

I V .  Summary 

SL-2 l aunch  o p p o r t u n i t i e s  e x i s t  on 5 of t h e  f i r s t  6 
days  a f t e r  SL-1 l aunch  beginning  w i t h  day 1. 
launch  o p p o r t u n i t i e s  s u b j e c t  t o  t h e  M=16 l i m i t a t i o n .  The b e s t  
o p p o r t u n i t i e s  on days 1 through 4 are M=5, M = 1 2 ,  M = 1 4  and M=16 
r e s p e c t i v e l y .  On day 6 ,  M=4 is t h e  b e s t  o p p o r t u n i t y .  

There a re  no day 5 

For a n  SL-1 launch  a f t e r  3:45 p.m., t h e  30-minute 
minimum t i m e  i n  c o e l l i p t i c  o r b i t  c o n s t r a i n t  i s  n o t  q u i t e  m e t  
on days  1 and 2 ,  i f  SL-2 is launched  l a t e  i n  i t s  window. For  
a 4:30 p.m. launch  t h e  c o e l l i p t i c  t i m e  c o n s t r a i n t  i s  n o t  q u i t e  
m e t  u n t i l  day 3. I n  t h e  worst case, however, t h e  t i m e  i n  
c o e l l i p t i c  o r b i t  i s  o n l y  1 . 8  minu tes  s h o r t  of t h e  30-minute 
minimum. 
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